Survival, complications and outcome in 282 patients operated for neurological deficit due to thoracic or lumbar spinal metastases Abstract We present survival, neurological function, and complications in a consecutive series of 282 patients operated for spinal metastases from January 1990 to December 2001. Our main surgical indication throughout this time period was neurological deficit rather than pain. Metastases from cancer of the prostate accounted for 40%, breast 15%, kidney 8%, and lung 7%. In 78% the level of decompression was thoracic and lumbar in 22%. Thirteen percent had a single metastases only, 64% had multiple skeletal metastases, and 23% had non-skeletal metastases also. Preoperatively 64% were non-walkers (Frankel A-C), 30% could walk with aids (Frankel D) and 8% had normal motor function (Frankel E) . Posterior decompression and stabilization was applied in 212 patients, 47 had laminectomy only, and 23 had anterior decompressions and reconstruction. Complications were recorded at a level of 20%, and systemic complications were often associated with early death. The survival rate was 0.63 at 3 months, 0.47 at 6 months, 0.30 at 1 year, and 0.16 at 2 years. Twelve of 255 (5%) patients with motor deficits were worsened postoperatively, whereas 179 (70%) improved at least one Frankel grade. The ability to walk postoperatively was retained during follow-up in more than 80% of the patients. This study shows that important improvement of function can be gained by surgical treatment, but the complication rate was high and many patients died of their disease within the first months of surgery.
cord or cauda equina. If there is major neurological deficit, only surgery will reliably and quickly restore function [11, 14] . However, if pain is the major problem, surgery is only one of several treatment options, and the cost-benefit ratio for the patient may be more dubious.
We present a consecutive series of spinal metastases patients operated on at our department during a 12-year period. Our main surgical indication throughout this time period has been neurological deficit rather than pain. This patient series differs from most other studies as regards indications for surgery, primary tumor types and survival [19, 23] . We present survival, neurological function, and complications in 282 patients with thoracic or lumbar spinal metastases.
Patients and methods
A total of 284 consecutive patients, operated from January 1990 to December 2001, for spinal metastases surgery were followed prospectively at our Department. Previously published results for the first 67 patients operated on up until 1994 were included in the present study [2] . Two foreign patients returned home 1 week after the operation, leaving 282 patients for analysis. There were 69% men and 31% women, and the median age was 66 (23-93) years.
The most common origin was cancer of the prostate in 40%, followed by breast 15%, kidney 8%, and lung 7% (Table 1) . For the 243 patients who presented with a known cancer, a median interval of 2 (0.1-26) years had elapsed since the diagnosis of the primary tumor. The median interval differed among the cancer types; i.e., 0.4 year for lung cancer, 1 year for kidney cancer, 3 years for prostate cancer and 6 years for breast cancer. Forty-three (15%) patients did not have a history of cancer at the time of presentation. In ten of these the diagnosis was established preoperatively by fine needle aspiration biopsy for cytology [21] . In the remaining patients, the diagnosis was established by histopathological examination of surgical samples. Among these 43 patients, the most common origins were the prostate in 13, lung in seven and kidney in six, whereas in nine the origin remained unknown.
Pathological fracture was seen in 55% of the cases. In 78% the level of decompression was thoracic and lumbar in 22% (Fig. 1) . As assessed upon presentation, 77% had only bone metastases and 23% had non-skeletal metastases also (lung, liver, lymph node or brain metastases). Among those with only bone metastases, 17% had a single vertebral metastasis only and 83% had two or more bone metastases to the spine or other bones.
Neurological function was assessed by applying the Frankel classification of motor and sensory compromise [6, 8] . Preoperatively the distribution of neurological deficit was: Frankel A 3% (complete paraplegia), B 9% (no motor function), C 52% (motor function useless), D 30% (slight motor function deficit), E 8% (no motor deficit). The neurological function was assessed within 2 weeks postoperatively, and then at approximately 3-monthly intervals during the first year, and then once yearly.
Surgery
Posterior decompression and stabilization was the mainstay treatment and applied in 212 patients. In 47 For posterior stabilization with rods, we used hooks only in 60%, pedicle screws in 26% and mixed in 14%. Many different types of implants were used during these 12 years; we started with CD, followed by Isola, then Synergy, and now use USS. Augmentation with methyl methacrylate was only used in 11 cases; bone grafts were not used, and we never prescribed external supports postoperatively. For anterior reconstruction we always used bone cement to replace the destroyed vertebral body, and for instrumentation Z-plates or Synergy rods.
Patients were operated during day time in 90% and at night in 10%. The median operating time was 3 h (0.5-8 h), and the median blood loss 1,500 ml (100-16,500 ml). There was no difference in blood loss or operating time between posterior and anterior stabilization.
Survival
The duration of postoperative survival was considered to be the time between the date of the operation and the latest follow-up examination (September 2003) or death. One patient moved abroad after 7 months and was lost to follow-up. Survival estimates were calculated according to the methods of Kaplan and Meier [5] .
Results

Complications
A total of 60 complications were recorded in 56 (20%) of the 282 patients. Systemic complications were seen in 13 and were often associated with early death (Table 2) . Forty-nine patients had local complications (Table 3) . Wound infections were seen in 34, of which nine were operated with wound revision. Two infections presented late, one after 3 years in a patient with myeloma and the other after 7 years in a patient with lymphoma. Two of 19 patients with a thoracotomy developed pleural exudates needing drainage. Two patients with epidural compression at T3 and T4, respectively, were decompressed at the wrong level, and were reoperated the following day. One remained paraplegic, the other regained normal motor function and survived 6 years.
Long duration of surgery and high blood loss increased the rate of postoperative infection. Hence, those operated for more than 4 h had a threefold increased rate of infection and a blood loss of more than 3,000 ml had a twofold increase.
Survival
A total of 37 (13%) of the 282 patients died within 30 days of the operation. The rate of survival was 0.63 at 3 months, 0.47 at 6 months, 0.30 at 1 year, 0.16 at 2 years, and 0.05 at 5 years (Fig. 2) . Neither the short nor the long-term survival has improved comparing patients operated in the first years of the study to those of the last years. The 30 days mortality rate was not related to the extent of metastatic disease, but at 3 months the survival rate was 0.50 for patients with non-skeletal metastases, compared with 0.81 for those with a solitary skeletal metastasis (Table 4) . Furthermore, none of the 65 patients with non-skeletal metastases survived 2 years. The 2-year survival rate for those with multiple skeletal metastases was 0.16 compared with 0.37 with a solitary metastasis. Survival was neither related to sex nor age. The group of patients who had undergone anterior procedures had a higher survival rate at one and 2 years than those operated through a posterior approach. The postoperative survival was not related to the preoperative neurological function. Hence, the 1-year survival rate was 0.33 for patients who could ambulate preoperatively (Frankel D-E) compared with 0.26 for those who could not (Frankel A-C).
Neurological function
The neurological function postoperatively could be assessed in 278 of the 282 patients (Table 5) . Among the 23 patients who had normal motor function preoperatively (Frankel E) , all retained this function postoperatively. Twelve out of 255 patients with motor deficits were worsened postoperatively, whereas 179 improved at least one Frankel Grade. Among the 144 patients who were non-walkers but retained some motor function (Frankel C), 100 could walk at discharge (Frankel D-E). Even ten of 26 patients who had no motor function (Frankel A-B) regained sufficient neurological function to walk during follow-up.
During the first 6 months postoperatively approximately 80% could walk, and this ability was retained at 1 and 2 years of follow-up (Table 6 ). Eleven patients are still alive 5 (2-10) years after surgery and ten of these are walkers.
Reoperations
A total of 29 patients were reoperated during follow-up, 17 at the same level and 12 at a new spinal level. The median time to reoperation for the 17 patients reoperated due to local progression of disease at the previously decompressed site and/or failure of the stabilization was 3 (0.4-9) years. Four of these patients were non-walkers (Frankel A-C) at the reoperation, all improved and became walkers and none were worsened by surgery. However, two patients eventually lost their walking ability during follow-up. The median survival after reoperation was 0.6 years and six out of 17 patients survived one year.
The 12 patients with epidural compression at a new spinal level were reoperated after only 0.7 (0.3-10) years. Seven of these were non-walkers and only one regained walking ability after the reoperation. Five were walkers and retained this function after the reoperation, but three of these later became paraplegic. The median survival was 0.3 years and only one of 12 patients survived 1 year.
Discussion
The indications for surgical treatment in spinal metastases at our institution appears quite different from many published series [15, 23] . Our most important surgical indication has been neurological deficit due to epidural compression. In our view, other modalities such as radiotherapy and advanced pain management will relieve pain in the vast majority of patients, and we have not considered pain as a sole indication for surgery. Furthermore, we consider all surgery for metastatic disease as palliative and will not significantly influence survival.
Only 8% of our patients had normal motor function compared with around 50% in many other series [15, 23] . In fact, two-thirds of our patients could not walk. Our series was dominated by prostate cancer (40%) and we had only a few patients with lymphomas or myelomas. Our patients were also older than in other series and most had extensive metastatic disease, with multiple skeletal metastases in 64% and non-skeletal metastases as well in 23%. These features lead to the poor survival reported here, with only 26% surviving 1 year, whereas others report 50-75% 1-year survival [15, 20, 23] . Interestingly, in a population-based study of surgery for spinal metastases from Canada the postoperative survival rate was similar to ours [6] . The most decisive proof that we have only operated patients with severe loss of function is the fact that the survival curve of patients operated on for spinal metastases is exactly the same as those operated in our department for pathological fracture of long bones [3] . Our series is comparable to non-operated patients with metastatic bone disease. In two large randomized studies of radiotherapy from The Netherlands and Great Britain, respectively, median age, distributions of primary tumors, and presence of non-skeletal metastases were similar to our series [4, 16] . Not surprisingly the 1-year survival was also similar to our series. We have not selected patients for surgery with an inherent good prognosis, and our series is thus more representative of cancer patients with extensive disease and a great need for palliative care. In the randomized studies cited, only 2 and 4% of the patients treated with radiotherapy subsequently developed symptoms of spinal cord compression. Therefore, spinal cord compression remains uncommon, and it is questionable whether there is an indication for surgical treatment to prevent epidural compression in patients with normal neurological function.
A major problem in selecting patients for surgery is to avoid operating on those that will die very soon after surgery. Even a pain-free survival of only a couple of weeks after surgery for pathological fracture of the hip is in our opinion good palliative care. We are not sure that this is the case for patients with severe neurological deficit due to spinal metastases. Although many patients improved considerably (at least one Frankel grade), a survival of at least 2 months will in most cases be necessary for the patient to have real benefit of the procedure, taking into account the postoperative pain, surgical complications and sometimes slow neurological recovery. We consider several features that help us to identify those with a good prospect for survival of more than 1 year [3, 19, 20 ], but we still have problems in identifying those that will die early. In this respect other clinical features well established in palliative care medicine, such as weight loss and low hemoglobin, may help us in excluding patients that are unlikely to live long enough to benefit from surgery for paraplegia [12] .
The complication rate after palliative spinal surgery remains high [7, 13, 18, 23] . These cancer patients have several increased risk factors for local and systemic complications. Both their disease and treatment makes Table 6 Postoperative neurological function during follow-up
Frankel grade Follow-up after surgical treatment 3 months (%) 6 months (%) 1 year (%) 2 years (%) (14) 15 (12) 5 (7) 3 (7) D Slight motor deficit 44 (27) 27 (22) 15 (21) In the first years of this series we operated on patients with significant neurological compromise as quickly as possible, often at night. We have changed this policy and now operate only in the daytime, within 24 h of admittance. We believe that daytime surgery with experienced staff and better perioperative resources leads to a lower rate of complications and better surgery. The possible risk of neurological deterioration during the waiting time at night, reduced by giving high-dose steroids, is outweighed by the benefits of daytime surgery.
Posterior decompression and stabilization has been our main surgical technique. Laminectomy only was reserved mostly for patients without pathological fracture and especially for those with epidural compression posteriorly from metastasis to the spinous process. We have not tried to attain bony fusion by using bone grafts. Our rationale is that radiotherapy and/or chemotherapy and the patients often catabolic status makes the likelihood for fusion small. We have also not prescribed external support postoperatively, as these are extremely difficult for the patients to withstand. Instead we have relied on the instrumentation to prevent further spinal collapse.
Anterior decompression and reconstruction of the vertebral body with bone cement was mostly applied during the last years of the study. We selected patients in good general health, with limited cancer disease and with only few spinal segments affected. With this selection both short-and long-term survival was better than for posterior procedures. We cannot draw any conclusions from this study whether there is a difference in outcome between anterior or posterior procedures as regards pain and neurological function.
Reoperations for recurrence of epidural compression at the previously operated level was only performed in 17 (6%) of the 282 patients. However, 14 of these reoperations occurred more than 1 year after the initial procedure and the risk of local failure for those surviving 1 year was 20%. In this group of patients, greater efforts to achieve local control of the metastatic growth may lead to lower reoperation rates. On the other hand, among those operated for epidural compression at a new level most occurred early after the first operation. The results both as regards survival and neurological restoration was poor probably due to the inherent aggressiveness of the tumors.
Patients who were non-walkers preoperatively had only slightly lower survival rates than walkers. If we had operated on more patients without neurological deficits, as in other series, there would probably have been a larger difference in survival. The most challenging clinical situation is the patient who is completely paraplegic at presentation. Generally, such patients were not operated on, irrespective of the duration of the paraplegia. However, Harrington has reported that even completely paraplegic patients can become walkers after anterior decompression and stabilization [9] . Hence, in singular cases surgical intervention may be indicated in even completely paraplegic patients. These are patients with limited disease, with a very good chance of surviving at least a year; for example, patients presenting with undiagnosed prostate cancer, myeloma or lymphoma. Ten out of 26 patients with complete paraplegia (Frankel A-B) became walkers, but the neurological restoration sometimes took several months. Furthermore, in patients with a good prognosis for long-term survival, the cost is small compared with the benefit of any neurological improvement that surgery can offer. For example, we had a 36-year-old patient who became suddenly paraplegic (Frankel A) when abroad, 5 days before he was admitted to our department. He had no history of cancer, and was operated with posterior decompression at Th 5 without instrumentation. Histology proved myeloma. He regained some motor function during the first weeks, and could walk with supports 4 months later. He is still alive 9 years later but has now neurologically deteriorated to Frankel C without epidural compression and can only stand for a couple of minutes.
There are several limitations with this study, mostly that it is a case series running over a long period of time, and we cannot completely account for patient selection. Ideally, we would like to randomize for radiotherapy or surgery, and also for the type of surgical intervention. If one chooses to operate on patients without neurological deficit one should randomize. Recently, a randomized study of surgery versus radiotherapy in cancer patients with neurological symptoms was closed prematurely because of the better results obtained with surgery [14] . Therefore, in our practice, where almost all patients have serious neurological deficits, randomization is impossible to justify. Instead we are now registering and follow not only operated patients but also those we decline surgery because of too little or too serious neurological symptoms or those who we believe have too extensive disease.
Conclusions
This study of 282 patients with spinal metastases shows that important improvement of function can be gained by surgical treatment. However, the complication rate was high and 27% of the patients died of their disease within 2 months of surgery. Comparing patients from the early and late periods, we have not improved our ability to identify those who will die early. Hence between 10 and 20% of the patients did not benefit from the surgical treatment, and some of these will in fact have been worsened due to complications and increased pain.
